ABSTRACT: Regulatory agencies and citizens have placed great emphasis on sustainability of natural resources. Individuals involved in animal husbandry should understand the basic components associated with air and water quality
Introduction
Each decade holds a series of opportunities and challenges for animal agriculturalists.
Adoption of new technologies and management techniques have led to improved efficiencies and increased production. Each modification of practices resulted in a change in resource management. As we approach the 21st century more emphasis has been placed on renewable or natural resources. Now, new technologies will need to not impair the environment, not degrade renewable or natural resources, and accomplish the desired management outcome.
Increased awareness of environmental quality has result,ed in new views of previously accepted operating procedures. Once accepted practices may no longer be viable due to their potential impact on physical, chemical, or biological components of the environment (soil, air, water, plant, and animal resources) . This paper will provide an introduction to current air and water quality concerns, an historic overview of federal legislation relative to these concerns, current ' Presented a t a symposium titled "Animal Agriculture's Image: Issues of Concern to Society" at the ASAS 85th Annu. Mtg., Spokane, WA.
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J. Anim. Sci. 1995 . 73:2733 -2740 activities that improve the interface between livestock operators and non-operators, and possible future consideration.
Air and Water Quality Concerns
Air Quality
Four separate air contaminants have already received attention by regulators: methane, reactive organic compounds ( ROC), ammonia, and particulate matter not greater than 10 pm in aerodynamic diameter ( PM101 (Brenk, 1993) .
Methane is a common by-product of microbial breakdown. Various figures are used to express methane production. Methane emissions from natural occurrences (wetlands, swamps, termites) are estimated to be 40% of total global methane production. The remaining 60% of emissions are related to human activities. Worldwide estimates of methane production from human activities include: rice agriculture, 27%; ruminant animals, 20%; biomass burning, 14%; coal mining, 12%; oil and natural gas, 11%; landfills, 9%; and animal wastes, 7% (U.S. EPA, 1992) . Figures from the United States indicate methane emissions from animal waste are responsible for 14.8% (almost 1% of worldwide methane production from human activities). The U.S. livestock emissions have been attributed t o swine (50% ) and dairy (30%) j operations.
Reactive organic compounds include organic gases from livestock waste. The ROC allegedly produced from livestock waste include ethane, acetone, isopropyl alcohol, propyl acetate, ethylamine, and trimethyl amine (Ungvarsky, 1994) . The ROC provide hydrocarbon radicals that in turn oxidize NO t o NO2. In the presence of sunlight, NO2 is converted t o NO and 0-. The 0-reacts with 0 2 and 0 3 (ozone) is produced (Carter and Atkinson, 1987) . Elevated ozone at ground level (troposphere) is detrimental and does not replace losses in the stratosphere. Ozone has been identified to irritate respiratory tissue. Elderly adults, very young children, and asthmatics are most susceptible to elevated ozone at tropospheric levels.
Ammonia volatilized from livestock operations (predominantly manured areas) and gaseous nitric acid ( a pollutant formed in air when NO, (nitrogen oxides) emitted from automobile tail pipes react with water in air to form particulate nitrate (Russell and Cass, 1986) . This is a PMlo. Rain will return particulate nitrate t o the ground. This is commonly referred to as acid rain and can result in an increased load of N to soil surfaces and potentially to ground or surface waters when percolation or runoff occur. Altering manure handling practices can reduce the quantity of ammonia volatilized from a given area. This results in more N remaining in manure (in the ammoniacal form) and a need for more acres to farm if manure is land-applied based on N contribution. Ammoniacal N can rapidly be converted to nitrate in soil. Therefore, elevated ammoniacal N (due to reduced volatilization) may result in elevated soil nitrate formation. Nitrate can easily migrate through saturated soil to contaminate groundwater.
Airborne PM10 result from particulate nitrate in air and particulate matter in dried manure (SCAQMD, 1991a) . The PM10 can be minimized if ammonia volatilization is minimized (minimize formation of particulate nitrate) or by watering the surface of dry stacks of stored manure (dust control) (SCAQMD, 1991b) . Excess watering of stacked, stored, or corral manure to minimize airborne dried manure can result in runoff (surface water concern) and(or) nutrient leaching through the soil (groundwater concern). The severity of deep percolation depends on soil and weather conditions as well as the quantity of excess water.
Water Qualify
Water quality is characterized by its potential beneficial use(s) and is determined by state or regional regulatory agencies. Standards are based on beneficial use category. Numeric values exist for many elements in drinking water (U.S. EPA, 1985) . Other quantifiable standards exist for agriculture, industry, navigation, recreation, fisheries, shellfisheries, and wildlife.
Surface vs Groundwater. Surface waters include those waterways above ground: lakes, streams, creeks, wetlands, and seasonal waterways (including annual creeks and streams) and estuaries (Public Law [PLI . Groundwater is that water that is beneath the soil surface.
Point Source. The term "point source" was defined (PL 92-500) as "any discernible, confined and discrete conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated animal feeding operation, or vessel or other floating craft, from which pollutants are or may be discharged." Large livestock operations were defined as point sources ( 
Sources of Contamination
Common water contaminants include nitrates, nitrogen and phosphorus, sediment, oxygen demand, bacteria, pesticides, petroleum products, and fertilizers (U.S. EPA, 1993) . Without adequate soil moisture, most contaminants are not able to migrate in solution into groundwater.
Therefore, attention t o chemical storage, nutrient storage and application, and irrigation water management is critical to prevent groundwater contamination.
Nitrates in drinking water are potentially dangerous, especially t o newborn infants and young animals. Specifically, nitrate is converted to nitrite in the digestive tract. The maximum allowable level of nitrate-N in drinking water is 10 ppm, or 1 ppm as nitrite-N (U.S. EPA 1989 EPA , 1990 . Nitrite reduces the oxygen-carrying capacity of the blood, which results in brain damage and even death. Consumption of water with elevated nitrate can cause "blue baby syndrome" in infants (Klaassen et al., 1986) and respiratory dysfunction or abortions in animals (Merck, 1979) . Nitrate has been responsible for detrimental effects on the health of farm animals, resulting in weight loss and poor feed conversion (Carter and Sneed, 1987) . At this time, nitrate and nitrite remain unclassified with respect to their carcinogenicity. These agents are members of Group D: inadequate or no animal evidence of carcinogenicity (U.S. EPA, 1986a) .
Nitrogen and phosphorus are associated with surface water contamination and eutrophication of lakes and estuaries. If either of these are limiting algae growth their addition begins the eutrophication process. Nitrogen as ammonium directly alters the chemical environment of surface water (Rugg, 1991 sensitive to elevated ammonium concentrations die rapidly (Smart, 1976) . Also, ammonium alters pH and will change the biological integrity ( a s discussed later in this paper) of the water. Concentrations of salt can build up in the soil if more salt is applied in irrigation water and by application of manure (solids or liquids) than is consumed by plants, provided deep percolation does not occur. The accumulation of salts in soil can be detrimental to plant growth (Maas, 1986) . Excess salts can be leached below the root zone by application of excessive irrigation water. This practice may ultimately deliver salts and other mobile compounds to Underlying aquifers.
The concentration of soluble salt (salinity) in soil will increase when salt application rate exceeds crop use (nutrient removal) and leaching. The amount and distribution of rainfall and irrigation waters, the type of soil and underlying strata, the evapotranspiration rates, crop usage, and other environmental factors (drought, wind, flooding, tornadoes, and hurricanes) affect the movement and concentration of salts. In humid areas, soluble salts are naturally leached from the soil and substrata by rainfall. In arid and semiarid regions, salts are not removed by natural leaching and concentrate in the soil. Sediment, the result of erosion, is the solid mineral and organic material in suspension that is transported by air, water, gravity or ice. Sheer, rill, and gully erosion create sediment (U.S. EPA, 1993 Sediment affects water usage in many ways. As sediments are deposited in creeks and streams, the net result is a physical restructuring that can reduce or eliminate fish habitat and alter aquatic environments. Sediments that eventually end up in waterholding reservoirs reduce holding capacity (U.S. EPA, 1991) . Suspended solids reduce the amount of sunlight available to aquatic plants, cover fish spawning areas and food supplies, smother coral reefs and clog the filtering capacity of filter feeders and the gills of fish. Consequently, there is a reduction of fish, shellfish, coral, and plant populations and a decrease in the overall productivity of lakes, streams, estuaries, and coastal waters.
The topsoil has higher concentrations of nutrients because of past plant growth and subsequent organic matter decomposition than the A horizon. Therefore, sediment that originates from surface soil has a higher potential for pollution than sediment from subsurface soils. Pesticides, phosphorus, and ammonium are attached to and transported with sediments. Eventually soil particles will release the bound chemicals or nutrients and contaminate the water. The speed at which this occurs will depend on existing physical and chemical properties of the water and soil. Particles of low-density organic matter from field manure application are easily transported in flowing water. This includes small (very-fine suspended solids) and large (fiber residual matter) particles. Generally, sediment from cropland contains a higher percentage of finer and less-dense particles than the soil from which it originated. The heavier soil particles contain more silica. Low-density organic particles do not settle out in flowing water (CAST, 1992) . Dissolved oxygen is necessary to sustain marine life. Biochemical or chemical oxygen demand refers to the ability of organic material to reduce the dissolved oxygen concentration in water.
Decomposition of organic matter reduces dissolved oxygen and can result in death of bacterial and aquatic species. Subsequent decomposition of bacteria will further reduce dissolved oxygen concentration in water.
Bacteria present in animal manures can contaminate water when manure is not managed properly. Coliform bacteria can infiltrate wells or enter surface waters when the manure management system and the domestic well are not properly maintained. Fecal coliform counts are used to identify contamination of surface waters. Unfortunately, no differentiation is made between coliform from humans (septic systems), wildlife, or domesticated animals. Such contaminations can result in health problems for both human and animal well-being. Herbicides, insecticides, and fungicides can be used to control crop pests. Improper storage, application rate or timing, or disposal can be responsible for the contamination of groundwater. Pesticide handling regulations indicate proper techniques for disposal of out-dated or illegal pesticides (Government Institutes, Inc. 1993). Lagoons or manure piles are not acceptable disposal areas. The end fate of pesticides in these environments is not known and may be potentially dangerous.
Federal Legislation
The five major legislative areas important to animal agriculture and the environment include the Clean Air Act, the Clean Water Act ( CWA), the Safe Drinking Water Act, the Endangered Species Act, and the Federal Insecticide, Fungicide and Rodenticide Act. These laws serve as the framework for regional and state regulations. Other pieces of legislation that can affect a producer's ability to use land or water resources include the Private Property Rights Act and the Resource Conservation and Recovery Act.
Air Quality
There have been 21 sets of amendments since the July 14, 1955, passing of the Air Pollution Control Act (Clean Air Act). There are four key objectives to the current law as amended (PL 101-549): 1 ) to protect and enhance quality of the nation's air resources so as to promote the public health and welfare and the productive capacity of the population; 2 ) to initiate and accelerate a national research and development program to achieve the prevention and control of air pollution; 3 1 to provide technical and financial assistance to state and local governments in connection with the development and execution of their air pollution prevention programs; and 4 ) to encourage and assist the development and operation of regional air pollution prevention and control programs. The most recent amendments of 1990 (PL 101-549) affect agriculturalists. The goals of particular interest deal with reduction of emissions responsible for acid rain, and ozone and PM10 formation in the troposphere. Livestock operators located in areas where air quality is poor will become very familiar with the ramifications of these laws if they are required to change manure management practices to reduce undesirable emissions.
No federal legislation exists at this time to deal with odors or noise. The lack of federal legislation in this area provides flexibility for producers to voluntarily minimize severity of nuisance disturbances. The situation is further complicated because quantification of odor intensity is subjective unless done by expensive laboratory procedures. Predominantly, nuisances (odors and vectors) are handled by state and local legislation and ordinances. Such legislation is developed as a response to complaints. Surface Water. One of our greatest concerns as a society is the quality of our water. An EPA report to Congress in 1986 noted that the nation's remaining water quality problems were largely attributable to pollution from nonpoint sources (U.S. EPA, 1986b). The report noted 76% of impaired acres of lake water, 65% of impaired stream miles, and 45% of impaired estuarine square miles were affected by nonpoint source pollution. The report stated that 50 t o 70% of the assessed surface waters were adversely affected by agricultural actions (pesticide and fertilizer application and soil erosion from cropland and overgrazing). Other nonpoint sources included urban runoff, marinas, silviculture, hydromodification, and loss and degradation of wetlands and riparian areas.
Water Quality
Great concern exists about the appropriateness of these data.
A study by the National Cattlemen's Association concluded that assessment information limitations and the actual assessment process make it impossible to identify the magnitude and extent of livestock's contribution to surface water pollution from the National Water Quality Inventory (Clawson, 1993) .
Point Source. Evaluation of water quality legislation is cumbersome. Federal, state, and local water quality regulations were and are established to prevent contamination of ground and surface waters and to restore the quality of contaminated waters for desired beneficial uses (PL 92-500). The initial water quality legislation was in 1886. The current legislation began with the Water Pollution Control Act of 1948 . This has been amended 30 times. In 1972 amendments renamed this act to the CWA. The objective of the CWA was to "restore and maintain the chemical, physical, and biological integrity of the Nation's waters." The goals were 1) to eliminate discharge of pollutants into navigable water:; by 1985; 2 ) to protect and propagate fish, shellfish, and wildlife and provide for recreation in and on the water by July 1, 1983, wherever attainable; 3 ) to prohibit discharge of toxic pollutants in toxic amounts; 4) to provide federal financial assistance t o construct publicly owned waste treatment works; 5) t o develop and implement area wide waste treatment management planning processes to assure adequate control of sources of pollutants in each state; and 6 ) to begin major research and demonstration efforts to develop technology necessary to eliminate the discharge of pollutants into the navigable waters, waters of the contiguous zone, and the oceans. Items 1, 2, and 3 have been accomplished. Items 4, 5, and 6 have been done to some extent. Large amounts of federal and state dollars were used to accomplish these tasks.
The emphasis of the CWA was to reduce point source discharges to the nation's waters and thereby improve the quality of surface waters. Surface waters included lakes, streams, creeks, wetlands, seasonal waterways (including annual creeks and streams), and estuaries. Through this act, chemical (nutrients and toxins) and physical (oxygen demand, temperature, turbidity, and sediments)
properties of waters are regulated. Increased monitoring of biological integrity is expected after the next major revision of the CWA. Monitoring of biological integrity was not done frequently prior to 1993. Monitoring of biological integrlty will include evaluation of insects, fish, and plant life within a surface water source. Agricultural Nonpoint Source. The 1987 amendments to the CWA addressed nonpoint source pollution (PL 100-4, 1987 Section 319) . Much more emphasis has been placed on all agricultural sources of nonpoint pollution in the Coastal Zone Act Reauthorization Amendments (CZARA) of 1990 (PL 101-508). Section 6217 Guidance ( g ) specifically outlines areas that will require attention to improve coastd zone areas: sediment, nitrogen, phosphorus, bacteria, toxins, and dissolved oxygen (U.S. EPA, 1990) . Each component can affect the chemical and physical integrity of waterways. These changes alter habitats for living organisms and thereby may alter biological integrity of water.
Groundwater. The key legislation that addresses groundwater quality is the Primary Drinking Water Standards (U.S. EPA, 1985) . Some 189 standards (maximum tolerable concentrations) were established to prevent harm to the population and were legislated as part of federal laws. Standards exist for substances known to cause a human health risk (toxins, pesticides). Additional standards were established to monitor physical and biological qualities of water. These standards are enforced by state water regulatory agencies.
Current Status and Activities
Now, more than ever, livestock producers are becoming more involved in preserving land, air, and water resources, and accomplishing this while maintaining economically sound business operations. Additionally, it is critical for producers t o obtain positive media coverage promoting these positive activities. Too often, producers receive poor press related to environmental contamination, food safety, and animal well-being. Yet, examples of livestock operators in partnership with the environment go unnoticed. National producer organizations are promoting publicity of stewardship practices, and salesmanship is necessary to expose the proposed management of resources to media individuals. The following cases are selected examples of marketing or of accomplishing environmental stewardship.
Local, state, and national awards designed t o promote environmental stewardship and resource management in livestock operations have been in existence and continue to be developed. The National Cattlemen's Environmental Stewardship Award is an excellent example of honoring livestock operators for a lifelong practice of stewardship and resource management (NCA, 1991) . Its purpose is to combine environmental publicity, education, and partnerships into a single program. Environmental relationships are formed as representatives from various groups serve on local, state, regional, and national award selection committees. State, regional, and then national recipients often are asked to speak to groups with environmental concerns. The national winner serves as a spokesperson for cattle producers. Other livestock organizations are developing similar stewardship awards to stress the importance of stewardship and resource management for the sustainability of an operation.
Other awards promoting proper management of natural resources by agriculturalists (not specifically livestock operators) include Resource and Soil Conservation District Awards. Also, farmer and rancher organizations, as well as other local organizations (Chamber of Commerce, Jay Cees, etc.) sponsor sustainable production or beautification awards.
Organized farm tours and other educational activities are effective means for livestock operators to inform non-livestock individuals about resource management on livestock enterprises. Education and positive media coverage will aid producers in telling their story of environmental stewardship while informing people about food production.
Local committees developed to provide a nonthreatening environment to enhance communication between producer groups, regulatory agencies, and other interested parties can be effective. These groups serve to educate leaders from the various entities and allow dialogue. Each member of the various groups provides an area of expertise. Regulatory agency employees have knowledge of laws. Environmental group members closely follow specific species or land use subjects. Livestock operators understand resource management and economic challenges. Academicians, researchers, and extension persons have access to data and research findings. Adequate input from these individuals should be received before establishment and implementation of local regulations. This requires dialogue and discussion. Producers benefit when they work with regulatory agencies to develop regulations that are economically feasible and environmentally sound. It is possible that actual farm data can be used to validate or invalidate a perceived concept. A new component is being included in farm resource management: whole farm resource management and nutrient budgeting. Both imply that the entire operation is evaluated as a system and not merely as individual enterprises. Previous enterprise analyses may have indicated that a particular crop rotation yields the greatest income from crop sales or livestock feed production. The new view of the operation indicates that an appropriate crop rotation must also include the ability of crops to utilize nutrients applied as part of a manure management system.
In this method, maximum income from crops must be integrated with a least cost disposal of nutrients. The economic merit of an operation includes all enterprises and therefore must include the costs associated with manure disposal.
The National Livestock, Poultry, and Aquaculture Waste Management workshop was held during the summer of 1991. Members from regulatory, technical, financial, educational, and producer agencies and groups met. One of the outcomes of this meeting was the prioritization of industry needs. The top three priority items are noteworthy of listing. The first was the need for development of educational programs for livestock, poultry, and aquaculture manure management, nutrient cycling, and food processing by-product use. It was agreed that data exist to answer some current questions related to water quality and animal agriculture and that these data were not in a readily available, user-accessible form. The second priority was t o improve communications and cooperation between government agencies and environmental groups, farmers, industries, and universities. The third priority was t o ensure regulations are developed with sound scientific basis (Reynnells, 1991) .
In the summer of 1992 the National Extension Dairy Manure Management Committee was established. Its funding is from the National Water Quality Initiative (USDA-ES, 1992). The three major areas this committee is addressing are 1 ) to develop a database of existing extension and research literature related to dairy manure management, 2 ) to develop a series of worksheets to evaluate various manure management systems, and 3 ) to evaluate three existing hydrologic unit areas or demonstration projects for which dairy specialists have increased involvement to evaluate the effectiveness of dietary manipulation as a best management measure (Morse et al., 1993) . Subject matters that lack or need additional extension literature were identified as materials were assembled and evaluated. Materials are being developed to close such gaps in extension literature. The database will become part of the National Dairy Database CD-ROM.
Individuals should understand the concerns related to water quality. One excellent program developed to maintain and improve the quality of groundwater is the Farmstead Assessment System (Farm*A*Syst, 1991) . This national coordinated effort by EPA, the former Soil Conservation Service (now renamed the National Resources Conservation Service), and Cooperative Extension resulted in a series of worksheets and factsheets designed to help protect, maintain, and improve the quality of groundwater. The program creates an awareness of possible farmstead drinking water contaminants, promotes understanding of groundwater protection and clean-up actions, identifies sources for technical, educational, and financial assistance, and aids in developing personal voluntary action plans.
Future Activities
Producers and their organizations must stay informed about potential regulations and provide input prior to the final enactment of laws. Testimony by producers at local, state, and federal hearings is essential in guiding law makers. This input is necessary to obtain economically feasible and environmentally sound management measures.
It is the role of animal science instructors a t educational institutions to explore public policy and the impacts of such policies on livestock operators. This may require extensive research in unfamiliar areas.
Scientists, producer cooperatives, private industry, and regulatory agencies must combine their resources to identify critical areas where data needed prior t o regulation development is lacking. A concerted effort must be made t o understand chemical and biological actions that occur in the environment. Projects that address key areas of concern related to animals' impact on the environment will need to be designed and carried out and findings disseminated. Policies developed in the absence of data may be incorrect, detrimental to livestock operators, or detrimental to natural resources.
Educational activities to create an awareness, promote understanding, and aid in development of voluntary action plans should occur. Producers must understand the potential hazards of inappropriate resource management to the longevity and(or) productivity of the land. The Farm*A*Syst program is being expanded to include more potential contaminants to groundwater. These self assessment packages provide knowledge of concerns in a nonregulatory, non-threatening fashion. This approach is critical to attaining producer cooperation and voluntary adoption of activities designed to protect and imprlove the quality of surface or groundwaters. Adequate communication must exist between individuals in regulatory agencies, and producer and interested groups. Sound understanding of, and the reasoning for the development of, regulations is necessary. Producers and educators can and should assist in development and implementation of federal, state, and local regulations. Proactive, not reactive, involvement will best use human resources. Extensive education will be required for this to occur.
All individuals associated with livestock industries need to be able to deal with controversial issues and should realize the implications of responding or not responding to media questions. It is critical that key individuals receive adequate media training and other individuals understand the potential damages that occu:r when questions are ignored or mocked.
Greater positive media attention is needed to adeq-uately promote environmental stewardship accomplished by livestock operators. Producers must manage natural resources. Degradation of land, air, or water resources threatens the survivability of their operation. This fact deserves greater attention and publicity.
Tlhe passage of the CZARA and potential implementation of the section 6217 Guidance ( g ) into CWA requires that livestock operators accomplish nutrient budgeting for their operation. Basically, nutrients entering a farm should be accounted for. One can simply calculate the amount of nutrients potentially sequestered on a farm by subtracting the amount of nutrients leaving the farm from those entering the farm. It is far more difficult to determine the end disposition of nutrients. Nutrient losses (particularly N ) occur during manure collection, storage, treatment, and utilization. Nutrient distribution on a farm is ilnportant to minimize potential contamination of surface or groundwater. Application rate and timing is important to meet agronomic budgeting needs to allow plant uptake of nutrients. Although nutrient management is relatively simple to accomplish theoretically, it can be very difficult to achleve in a practical application on a farm. Regulations that require nutrient management at agronomic rates can markedly increase land requirements for manure application. Manure applied to meet N needs of crops usually over applies P, K, and salts. If P is an environmentally sensitive nutrient and is saturated in the soil, no additional manure can be applied. This would require transport of manure off the land. Regulatory agencies may require long-term contracts, extensive record keeping, and monitoring of soil to ensure manure nutrients are not mismanaged. Nutrient management will be especially challenging for smaller operations with fewer croppable acres, operations that have less need for farming (horses and poultry), and operations located in areas with identified water quality problems. A large void of research data must be filled to adequately accomplish nutrient budgeting. Extensive cooperation by producers, researchers, and regulatory individuals is necessary to adequately determine proper methods to sample manure nutrient sources and calculate nutrient budgets (whole farm or individual field).
There will be a growing question regarding liability. If previous practices (the best known at that time) resulted in groundwater contamination will the operator be liable for treatment of water? If it takes decades for water contamination to occur, who will be responsible for reclamation of water resources? Alterations in management practices may not improve groundwater quality in a short time period. It may take decades for practices to affect water quality.
Implications
Existing options for livestock operators will be reduced as laws become more defined and restrictive. More emphasis will be placed on liability issues. New manure managemenuanimal husbandry techniques and practices will need to be developed for operators to adjust to changing regulations. An example of how regulations can affect management is to require that manure not be applied to frozen land. Operations affected may need t o increase manure storage capacity, to increase handling time in spring when labor may already be in short supply, and to develop a strategy to minimize potential odor formation during land application.
